INTRODUCTION
Energy dispersive x-ray fluorescence analysis (XRFA) easily permits semi-quantitative determination of a number of elements in a wide range of samples. However, to obtain quantitative data, appropriate means for handling matrix effects must be established. We describe a method in which we stabilize matrix effects for a certain class of samples.
The method is applicable for the determination of forty elements of atomic number 22 (Ti) an~ higher in geochemical and ·solid waste management samples (e.g., coal fly ash and sludge pond residues). Claisse (1), Luke (2), Rose, Elder, and Flanagan (3) have reported that fusing certain classes of samples with a flux·containing a strongly x-ray absorbing substance such as BaO or La 2 o 3 , will yield specimens with essentially equal matrix absorption properties and also eliminate particle size effects. Since matrix effe~ts are stabilized, analytical curves, relating fluorescent x-ray line intensity to concentration, are usually linear. This, in turn, permits accurate results to be realized. However, there is a sacrifice in sensitivities obtainable due to sample dilution and increased matrix absorption.
In this paper a similar technique is reported and applied to the analysis of geochemical and coal fly ash samples. Finely pulverized samples are mixed with sulfur powder and disks are pressed. This yields specimens which have relatively equal matrix absorption properties for x-rays of energies greater than 4.5 keV and also permits corrections for matrix absorption to be determined using thin specimen techniques. Standardization is -2-LBL-5957 achieved using thin-film techniques. Results reported in this paper suggest the method is accurate to within ±S% when x-ray counting statistics are not the limiting factor.
DISCUSSION OF METHOD
To obtain accurate XRFA results, appropriate considerations must be undertaken to ascertain corrections for matrix absorption effects.
The absorption correction for a homogeneous sample integrated over a mass thickness, Ab carr. 2 m (g/cm ), mny he expressed ]Jm (l)
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The mass absorption coefficient term, ]J(cm 2 /g), is determined by summing the contribution of each element and is correctly expressed ..
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which were relatively thin for some of the radiations of interest, could be prepared. Sulfur powder fits the above criteria and was selected as the substance to be mixed with the pulverized materials to be analyzed.
Sulfur has a low photoelectric cross section for the excitation radiations (Mo K and Tb K x-rays).
Preparation of Specimens.
It was desirable to' have specimens which would exhibit relatively constant matrix absorption effects, be physically strong enough to handle, and also have the advantages of thin specimen characteristics for x-rays from the elements of interest. Since for each sample only one specimen was to he prepared for :nwlysis of clements which had fluorescent x-rays over a broad energy range, a trade off in x~ray line/spectral background ratios to be realized for some of the elements was required. Three-fourths of the elements to be determined have x-rays of energies greater than 10 keV, and most of these elements would usually be present in relatively low concentrations. Hence,it was 2 decided to prepare specimens with an approximate mass of 100 mg/cm . Doing so would yield essentially thick specimens for radiations of energies less than 14 keV in the geometry uti 1 i wd for· analysis. For· fluorescent x-rays of energies comparable to that of the excitation radiation, severe losses in x-ray line/spectral background ratios are not obtained for thick specimens. that the radiation of interest comes from a depth of only a couple of particle layers or less, the specimen is considered heterogeneous for analysis, and inter-mineral effects exist. Consequently, both the sample and the sulfur powder should be pulverized until the particle diameters are smaller then one-fifth the effective penetration depth for the measured x-ray energy (4) . Using sulfur as the matrix, this corresponds to a particle size of approximately 40 microns for 7.5 keV (NiKa)
x-rays, and 10 microns for 4.5 keV (TiKa) x-rays.
For analysis, 100 mg of finely pulverized sample is mixed with 400 mg of sulfur powder using an agate mortar and pestle, transferred to a 2.54 em J.D. die, pressed at 15,000 psi and weighed. This yields a specimen disk of mass 98.7 mg/cm 2 .
Characteristics of Equipment. The x-ray system, shown in Figure 1 , was designed and constructed by Jaklevic and co-workers (5) . It consists of a low power W-anode x-ray tube, automatic interchangeable secondary targets used to provide nearly monochromatic secondary extitation radiation, a Si guard-ring reject detector, arid a 1024 channel pulse-height analyzer. The total resolution of the system, FWHM, was 195 eV at ,--5.9 keV (MnKa x-ray energy) at 4,000 counts/sec using a 17 lJSec pulse peaking time.
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For the determination of elements Ti(Z=22) through Sr(Z=38), as well as heavy elements Ta; W, Hg, Pb~ Th, and U, the x-ray tube was operated at 54 kV and 300 ~ amps. A Mo secondary target, with a 0, 025 em V prefilter followed by a 0.015 em Al filter, was used to provide the excitation radiation. For the determination of elements Y(Z=39) through Ce(Z=58), a Tb secondary target with a 0.010 em Ta prefilter was utilized.
The x-ray tube was operated at 80 kV and 200 ~amps.
Correction for system dead time, resulting from either pile-up rejection or analyzer dead tim~, was made using a gated clock tha~ Determination of Absorption Corrections. Giauque et al., (7) have previously shown that by using nearly monochromatic excitation radiation, matrix absorption effects for thin uniform specimens may be determined experimentally. In the method, relative x-ray intensity is measured, with and without the thin specimen, from a target located at a position adjacent to the back of the specimen. The combined attenuations, A, of the exciting and the fluorescent radiations in the total specimen thickness, m (g/cm 2 ), is expressed
where IS , IT, and IT'" are the intensities of the x-ray plus background from the specimen alone, the target alone, and the specimen plus the target, respectively.
As mentioned in the section "Preparation of Specimens", sulfur disks of mass 100 mg/cm 2 are thick specimens in the system for radiations of energies less than 14 keV. To determine x-ray absorption corrections
to be applied for analysis for these radiations, a thin pure sulfur disk of mass 29.6 mg/cm 2 was prepared. Using Mo excitation radiation, relative
x-ray line intensities, with and without the thin sulfur disk, were measured for Fe, Ni, Cu, Zn, Ga, Se, Br, Rb, Sr, and Pb x-rays simultaneously from a multielement target.
Experimental cross section values determined, ]..IS expt., were plotted versus x-ray energy, as shown in Figure 2 . These values include the crosssections for both the excitation and the fluorescent radiations as well as the geomet_ry factors. 
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Thus, these values, along with a mass thickness of 0.0987 g/cm 2 , were used i11 equation 1 to calculate the absorption correction factors.
Values of ].lm for x-ray lines from the elements determined with Tb excitation radiation (Y + Ce) were ascertained experimentally on a pure 500 mg sulfur disk, as this was a thin specimen for these radiations.
Determined values for ].lin were also multiplied by 0.918 before calculating the absorption corrections to be applied for analysis.
Determination of Overlapping X-ray Background. The analysis program uses a fixed number of channels to measure ch~racteristic x-ray line intensities for each element to be determined. Peak overlaps were initially established from x-ray spectra generated from thin deposits of each element. The deposits were prepared by nebulization of solutions of individual elements onto Nuclepore polycarbonate filters, or by dusting the element or appropriate compound onto tape.
Characteristic x-ray line ratios (e.g., KB/Ka) realized in analysis deviate from the ratios ascertained using thin deposits, since x-ray absorption increases with decreasing x-ray energy. Absorption corrections were calculated for fluorescent x-ray lines using experimental cross section values, ].lf esc 0 2 , determined for 98.7 mg/cm 2 disks composed of 20% Andesite and 80% sulfur. · Table II lists the corrections for six pairs of x~ray lines and. corrections calculated for a pure sulfur disk of mass 98.7 mg/cm 2 . As shown, the ratios of the corrections, Ka/KB, for any one element deviate by less than 2%. Accordingly, the peak overlaps established from thin deposits are adjusted by these ratios. 
where C(l) and C(2) are the total counts for two regions of scattered cxcitatjon radiation; S. is the slope of the spectral background curve 1 for the x-ray line from element i; and R. is the intercept at C(l) = 0. As shown, the errors for the Ti determination far exceed the calculated errors listed in Table V . This is attributed to inter-mineral effects (4) which most likely were also prevalent for the determination of V and Cr, but were not apparent due to the relatively poor x-ray counting statistics realized for these elements. Nevertheless, excellent results were obtained for most of the elements determined, as shown in Tables III and IV. Errors in the absorption correction values applied for analysis could be minimized by using ratios of the intensities from the two regions of .. 
